The 1 H NMR fingerprints of fractionated non-polar extracts (CSPD A) from the roots of Angelica sinensis of six different specimens were assigned by comparison with the 1 H NMR spectra of the isolated pure compounds. The 1 H NMR fingerprints showed exclusively characteristic resonance signals of the major constituents of the plant. The 1 H NMR fingerprint established for an authentic sample of A. sinensis can be used for authenticating A. sinensis species.
H NMR fingerprint, phthalides, (Z)-ligustilide.
Methodological studies on the establishment of the system for the exclusive control substance of a plant drug (CSPD, including CSPD A, B, and C, etc. according to the different metabolites from fractionation of plant drug) and on authenticating plant species by 1 H NMR fingerprints of CSPD were reported previously [1, 2] . In continuation of our work on this subject, our attention was drawn to the assessment and assignment of the signals in the 1 H NMR spectroscopy of every kind of plant drug. On the basis of studies on some plants, it was concluded that the 1 H NMR fingerprint had some advantages, such as accuracy and convenience, for the authentication of plant species, especially for taxonomic identification. The 1 H NMR fingerprints of most plants showed clearly the existence of their characteristic constituents such as gastrodin and 4-hydroxybenzyl alcohol of Gastrodia elata, alkaloids of the protoberberine type of Coptis chinensis, physcion of Polygonum multiflorum, physcion and physcion-8-β-D-glucoside of Polygonum cuspidatum, and ginsenosides of Panax ginseng, P. quinquefolium and P. notoginseng. These characteristic signals can be assigned by studies on the constituents of CSPD. In the present paper, the application of 1 H NMR fingerprints of specific metabolites for the identification of Angelica sinensis species is reported.
A. sinensis belongs to the family Umbelliferae and is mainly distributed in northwest and southwest China. In traditional Chinese medicine, A. sinensis has long been used for activating blood circulation and acesodyne. Previous investigations on chemical constituents of the plant led to the isolation of aromatic compounds such as coumarines and flavonoids as well as terpenoids, organic acids, polysaccharides, amino acids, lipids, vitamins, trace elements, and phthalides [3, 4] . The roots of A. sinensis contain up to 0.65% volatile oil in which alkyl phthalides are the major components. Among them (Z)-ligustilide is the most abundant with up 45~60% [4] . By the procedure reported previously [1] , the non-polar and neutral CSPD A from the roots of A. sinensis of three ecotypes and three processed species of commercial types collected from six different regions in China were separated. The 1 H NMR spectra of their CSPD A were recorded on an FT-NMR spectrometer. The 1 H NMR fingerprints of the samples were analyzed mainly by comparing them with each other and with the spectra of the isolated pure compounds.
The extraction method of CSPD A is relatively simple (see Experimental section). The results of investigation of the chemical constituents showed that the neutral compounds, phthalide derivatives, were the main and characteristic constituents of CSPD A from the roots of A. sinensis. Six phthalides were separated and purified from the CSPD A by repeated silica gel column chromatography. On the basis of IR, MS, 1D and 2D NMR spectra, their structures were elucidated as (Z)-3′,8′,3′a,7′a-tetrahydro-6,3′,7,7′a-diligustilide-8′-one (1), (Z,Z')-6,6',7,3a'-diligustilide (2), (Z,E')-6,6',7,3a'-diligustilide (3), (Z)-6,8′,7,3′-diligustilide (4), trans-6,7-dihydroxyligustilide (5), and (Z)-ligustilide (6). Compound 1 was a new dimeric phthalide derivative, and compound 3 was first reported from A. sinensis [5] . Bioassays showed that compound 1 exhibited moderate vasodilation activity [5] .
The roots of A. sinensis of the ecotypes employed showed good identity to each other. The 1 H NMR spectra of their CSPD A exhibited exclusive characteristic features in the composition of signals (Table 1, Figure 1 ). By comparison of these 1 H NMR spectra with those of the pure compounds isolated from CSPD A, it was found that the 1 H NMR spectrum of CSPD A of the roots of A. sinensis was mainly formed by overlapping of the signals of phthalide derivatives and fatty compounds, in which the characteristic signals of (Z)-ligustilide predominated. The spectrum could be simply divided into two sections, i.e. an aliphatic region with δ 0.8~2.9 and aromatic/alkenic regions with δ 5.1~ 8.0, which were identical to the characteristics of the phthalide derivatives and fatty compounds. The former region included the overlapped signals of saturated aliphatic protons of phthalide derivatives and fatty compounds. (t, J = 8.1 Hz), and those of the olefinic methine group of CH-6,7 of cyclohexene at δ 6.00 (dt, J = 9.9, 4.2 Hz) and 6.28 (d, J = 9.9 Hz). As (Z)-ligustilide predominated among the chemical constituents of CSPD A of the roots of A. sinensis, the signals of other phthalide derivatives couldn't be well defined in the 1 H NMR fingerprint.
The roots of A. sinensis of the commercial types employed also showed good identity to each other in the 1 H NMR spectra of their CSPD A (Table 1, Figure 2 ). By careful analysis, it was found that the 1 H NMR spectra of CSPD A of A. sinensis of the commercial types exhibited very similar signals to those of the ecotypes, and both of them showed clearly the characteristic signals of (Z)-ligustilide and fatty compounds. But they also showed the differences in signals and their relative intensity due to differences in the ratio of their major similar constituents. As the result of the above analysis, the 1 H NMR fingerprints of CSPD A of the roots of A. sinensis accurately represented the relative contents and structures of characteristic chemical constituents of A. sinensis. Thus, the method of preparing CSPD A and using 1 H NMR fingerprints to express the characteristic chemical constituents of A. sinensis was useful in identifying the origin of A. sinensis. 
Experimental
General experimental techniques: NMR spectra were recorded on a Varian INOVA-500 NMR spectrometer in CDCl 3 using VMR 6.1C NMR software package and Z-axis gradients. Chemical shifts (δ) were given in ppm using TMS as internal standard (δ 0.00). The experiments were performed at 298 K. 512 free induction decays of 4096 data points were collected per experiment. The spectral observation frequency, spectral width and the number of pulse were set to 500.10 MHz, 5228.8 MHz, and 32, respectively.
Silica gel (Qingdao Marine Chemical Factory) was used for CC. Solvents were of analytical grade and were purchased from Beijing Chemical Company, Beijing, People's Republic of China. 
Experimental procedures for 1 H NMR fingerprints of CSPD A:
The air-dried and powdered roots (50 g) of A. sinensis were extracted with 95% aq. EtOH (2×100 mL, 1h, 0.5 h) under reflux. The combined EtOH extracts were evaporated in vacuo to yield a brown residue, which was suspended in 80% aq. EtOH (100 mL). The resulting suspension was extracted with petroleum ether (60-90°C) (3×100 mL). Evaporation of the aq. layer in vacuo afforded a brown residue, which was dissolved in water (100 mL), and then extracted with AcOEt (2×100 mL). On finishing the extraction, 20 g of NaCl was added to the aq. phase, which was reextracted with AcOEt (100 mL). The combined AcOEt phases were washed with 5% aq. NaHCO 3 solution (3×100 mL) and H 2 O (2×100 mL, to pH 7), repectively, and then dried over Na 2 SO 4 . Complete removal of AcOEt in vacuo led to CSPD A. The 1 H NMR spectrum was recorded directly. A variety of sample replicates have previously been prepared to assess the validity of this procedure [1] .
Isolation of compounds from CSPD A:
The treatment of the air-dried and powdered roots (4.8 kg) of A. sinensis by the procedure mentioned above gave CSPD A (33 g). Chromatographic separation of the CSPD A on silica gel (200-300 mesh) using petroleum ether (60-90°C)/EtOAc as eluent with increasing polarity (petroleum ether/EtOAc = 50:1 → 5:5) led to 180 fractions (250 mL for each). The fractions were combined according to TLC monitoring. Compounds 4 (10 mg), 2, and 3 (15 mg) were obtained by recrystallization from Fr. 24 and Fr. 31 (Compound 2 and 3 were isolated as a crystalline mixture). From Fr. 1-5 (8.6 g), compounds 5 (2 mg), 1 (10 mg), and 6 (50 mg) were isolated by repeated CC (silica gel, petrol/AcOEt(50:1 → 5:1).
